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(54) FLEXIBLE DATA RATE MATCHING METHOD AND APPARATUS FOR DATA 
COMMUNICATION SYSTEM 

(57) Abstract: 

PURPOSE: A flexible data rate nnatching method and apparatus for a data communication system are 
provided to flexibly transmit a data according to a transfer rate without degradation of a performance 
by uniformly distributing a hole pattern or a repetition pattern in a frame by controlling a set initial 
value. CONSTITUTION: First parameters(N,L,M,P) required for an FDRT are lnitialized(401). 
Parameters Dl and PI are computed according to a formula given to an algorithm(402). Parameters 
D2 and P2 are computed according to a formula given to an algorithm(403). When parameters are all 
determined, k performs counting sequentially performed from 1 to LM. It is checked whether k is 
multiple of Dl or multiple of D2+l(405). If k Is checked to be multiple of Dl or multiple of D2+1, a 
corresponding kth code word symbol is holed(406). If k is not checked, the value k is increased by 1 
(407). It is checked whether k is all counted up to LM and if still there is k, the above operations are 
repeatedly performed until k=LM+l Is checked(408). 
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^^iX\^^^ f'^^Ji-i-<J'?}-(ISDN: Intergrated Service Digital Network), c];*]^ -gl-e}- (Digital ce 
llular) ^3.^^t+f-^^(W-CDMA: Wide band Code Division Multiple Access) '^l^^. UMTS(U 

niversal Mobile Telecommunications System), IMT(lnternational Mobile Telecommunications) - 2000 
^4 ^-Sr ^11 ^-¥-^3^ "J^^S-fe ^S. ^l-^-a -^-^(convolutional code)2f ^^-^^^^^l?} A> 



^^ajo] ^11^ °lE^eln1fe HefllJ'^ "?lEle)al H7)s} ■i■<a^^ ^-^sl- ^yi-s] Hsfl-y* <a^5>oi "JiEiel'S 

"3^*H ?lEle1'S6>fe ifc4 7}^ »HlolEl^^* (Flexible Data Rate Transmission: <>]*} " FDRT" 4 ^' 

s. 1^ ^EiHiHi 37)4 *<yt!- -^-^^ ^1-4 T^i- Hiai<y* <g^«toi ?ie121'Ss}^ h17>^^(^^ j^.^^) 

'Hl«>lEl^*^ ««}<ij(Non Flexible Data Rate Transmission) "fl S.'*-!*}^ £^014. 



^0^7) £ 1-g- ^SSF'S, Hl7V^^ cflolEl^^^^ ^*(Non FDRT) iifl^4 ^❖^'^1 ^-f 511^ 9}^ 

El Hi (channel interleaver) 100<H1 "a^4^'a4^2ll<y'^ -^^ (Coded symbol) 4 t^"?] *}^^ 91^^^^ 

3.7] n4 ^Sr H711- 7M)J7 -^^^j^l^t^. ^. IS-2000<H1^1 ^f-g-4^ RC (Radio configuration) IS -2000*^1^ RC 
1. RC2, RC3, RC4. RC5, RC6, RC7, RC8, RC9 *4 *Tr4 <a=S^^fl^^ >^>-8-*>Jl Xl^H n]o]i.^ 

HEfloio^ 37], ^s.-t, <?] El el's 11-4 ■i-4 4ol# 4^4. oHl 44>^1 »l^sl^ ol4 "HI^e-I ^flcm-L^ 



:iei4 FDRT* 4-§-5l-fe ^^"flfe £ 3<Hl £4« 44 ^4 ^H^ <ilEle)iil lOQofl <a^sl^ -¥-J:4 -y-&4 ^4 ^11^ • 
^4214 1004 4^>7l-4s N^s. ■S-^at4 ^S.^ HEfl^J ifl4 -^^4 -^1-4 ^^J-g- <a^cfloiEf eflo]E Rgoii 
444 ^ 44 # Ji?I4. 

S. 2fe 47V^^ EflolEi^^^ ^*(Non FDRT) 1}-4oil Ji^iH|o]El ;5l4:Hj.^o^ ^^.t^ nsfloj £. 

44^i^44. 



^'^^l £ 2-& #S4'a. ^^11 1-4 ^11 ^(Physical channel)4 RC34 ^*^(Data Rate) = 1 9.2kbpsS. 

Sit^Jl 7}^^t}^, olnfl Afl^ <a42^4 1004 H4 N-8- 15364 €4. 4-§-47l- cilo)E]s. t\]o]B\ ^a^^-i- 20kbps 

s ^^4Ji4 ^4^. wl7l-^^ 444^*^ *S-4* 4-§-4fe ciioIe^ 38.4kbpsS. ^o^*<^s^s^ 

44^4 ^^^47V ^7) (Negotiation) 4^ "ll 4 ^^^4. 3*44-^ 20kbps ii4 ^ 4it4 444 ^**4 38. 
4kbps47l "11^44. 



444 <?lEle]4 1004 3.7]^ N=3072( = 2*1536)S. 2ul) f^7l-^4. 7) (Channel encoder) (i444 

^*)'>tl "3^4^ 444 'y-i-4 20kbps X 20msec 444 «ll'^4^ ^ ^ 4o!El(Nu 

II data) 71- -a^^ 4#(layer)<Hl 4«l) i»t4^4. 444 N^a^Sl ^444 H7l f-oflA^ (38.4 - 20)/38.4 = 47.9 
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2%7} ^ no]B]S. ^<^:^]3L n^e^A^ ^-tl ^■i-<Hm;^l Es^^ <="ll^-1fe 47.92%2l oflM^l/} ^-^slJi o1^:^.J^ m. 

^ olcf. olfi). ^o. ^^o] ^A^s}^ o]^^ Ul7>^^ t-llol&l;?!^^ IJ-^SI ^a<H|A-j^ -i-elTil^ (Physical 

layer) oil o]z]^ ^ o] * el ^ $1^ 'l}'^'^! Si 7] nfl ^ . ^> ^ tH1o]e^1. 4]^ (repetition) -2- S 

A}^5>e^j7 sfli ^;<fl F-SCH^£<HlAife Ai^ ^^(symbo) combining)* ^ ^ Sife 'i^'^'^l ffl^lEl 

-a^lS ^^7l (Channel decoder)^ ^^fsV?) ^ofl o]^]^ oflui;.] ^^o) ol^ol^o]: s^d^ ^fl^ ^3171 ol^ofl^ 

^JlS 'SiL ^# (Information symbol)^* 7}^]jl Li/L2S\ T^l^o] ^^^A ^S.S. ^^^71)^ 'S^o] §i 

4. 



^S.^ ^l-8-s>fe cff^^^*?}^ ^ i^f^^B^lJ-^ofl^l ^11^ «o^^ (Channel coding scheme)^) 

A>-g-S}i^ (Concatenated code)el-fe ^>ll*Hl^i l"^^* ^^"^1 ^11+ 

3GPP(3rd Generation Project Partnership 2) IS - 2000^ 9mn^]^(Air interface) iL^ 

Si c1.^;g^aj-Al ^ V}^i^^^^^<^]^^ >ifl^ «}-il2^ iHlolEl ^*3L^Aj# ^o]JL A]^tflo^ a^^^ 7ll^5>7) ^ 

S. 3^ FDRT«oi-^°fl -a.<H^fe i-a-^lcf. 



^V7l £ 3# 'i'^sf7lol) oVA^Ai -f ^^^fl-^i ^V-g-sm -g-'H^ Sin] 7} 3ll5l-7l ^5}<s^ 5V7l2l < ^ 

1> 61] z^zt ^o]S\ Jg2^# a^^lil-. ^, £ Soll^i c[n]. d[n]. ffn], r(n]S] S}7]9] < S. l> o\]^^ 

Al^o^ lajE ojAj-O.^ ^-^^5]^ ^+7> iL^^om <^7lAi^ o]nl^ iHlSS SAlSl^ HlolE^ UlE# Al 

^l^tvcf. 







cln] 


Coded symbols (0..L- 1) form Channel encoder 


r(n] 


Repeated coded symbols (O..LM- 1) by repetition 


fin] 


Punctured coded symbols (0..N- 1) by FDRT 


d(n] 


Interleaved coded symbols (0..N- 1) by Channel interleaver 



^Jl^jOS.. FDRT<Hl^ife L <Nol°S Repetitionf] Sl^r ^* Slnj^cf. fifl^^V-a, FDRT^ ^*5>:a^> 
sl-fe ^^cflolEl ellolS7l- IS-2000 *B s "ilEielH] 37) (Channel interleaver size)^^ "S^ls^V^I ^-f -B-^ 

*>71 ^*flAi jio]-^ :5Jolt:^. i4e1-A^ L^l Nmin < L <N?! ^-?-<^l JL^^^ ^^f}^* JlB^sVfe ^o]^S. L < N 
o] i^efA^ FDRT^ofl^ ^ ^ (puncturing) S1j^4 -^Ife (repetition) o]^^] <?]&|2)n1 37] (interleaver 

size) N=LM-p# ^^7] ^sflAi A>^s)fe :^ 7)$^ 0,5. ^^nflole] 41 ^ (Transmitted symbol) 2) 

^fe ^i^^a ^3lO] ^ai^ (Coded symbol) 21 ^ L^^^ 3.t\. 
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o1 4J-t* "J}^ (repetition) ?Vcf. 15-20003] ^§4- ^ "?] e] Ul(Channel interleaver) 37)^ SF(Spreadin 

g Factor)<H| ttVEf^i afl^S ^7}/:^^^t}S.S.. M-8: Z?)- ^uf. =^:^a1 7) oj) ^ %-7}'^]9\7] 
-ai^ ^^(Symbol combining)-!- ^5.71 (Channel decoder) ^'a<Hl>H ^^^Cf. ^7] ^^7] nO<Hl fil*>oi 

^:£<H -9^21 =^7}NS.^ 3.S.S.. 5fl^ «yEl5lOl lOOSl H7l N<H1 5=^4-71 ^-§^71 120^ €-^(Puncturi 

ng)-& T^^^^Cf. 



^7) £ 4S1 (A)fe 5>M-3l neflojuflo^ L7flo^ ^;£o| i4EftflD|. (B)^ ^j.^) aV^7l 110<^) 

J:<H -yi". ^ LM7)ls] ^3:<H -y-t^ ^EfvAcf. (c)oll>H -S-7) LM7l)si -^-j^oI N7))fi] ■¥-:£<H -yi-i-^ ^>7l 

^11^ 91^^^ lOO-^^l 2]S|1 •ye^Elwj^ -ai-l-a- ^E^vflji. LM-N7fl2l Jf5.cH -^^1-1-8: 4]^l-<ai- M-E^^ncf. 

olofl LM-N7HS] ^^Ir-a- =ell'avflo1]A-] ^^s)-?!) ^isjo] ^^^l^^ ^o] SJi^i^. D7ie]n>i:+ ^^)5>^ € 

^E•^^^»^ loo^s. '?i7}5ioi "aeieifjsiTfl ^4. 



* #^^^(Tx power) ofl-^i ^^1 =r^s)^ ^^.o] o)lui;^l(coded symbol energy) 7]- ^7}-S)^ jL2l-# ^ 

9X^. ^J7) .^Siol Al^ oim;^)^ (Symbol combining) € ^]^^ ^S.o] 4)1-21 -^li-i^ll- Sloj^H:}.. o]z]^ 

S.s\^ ^ ^"4^ QoS« :a.^*>7l^?!: 7l;^1^2l #^^^(Tx power)^ ^dh^l^ 4^ oic]-^ sIdIoIjj. 
(Channel capacity)* #7M^ ^ oj^ 2)d1^c1-. 



AI.7] £ 4o)lAi SAl^l ^^s}^ ^lM.o. o}nl*>Jl. ^^71 E] (puncturing distance)^ 4e1-H«i^. ^^^7) 

Tie] LM 'y 1* (symbols) 5. -if E^ N ^Ksymbol)* "^^7] ^^^Vfe sj-e}-^] E-] o] 

cf. oj^l^ L. M, N. P. D :a7]l# fl-^B>fe FDRT 'QSLei^o] o]e;\^ ^^»?}-*l<^l 7l#s) IS- 2000 FDRT 

IS-2000 4'S'HjA-l FDRT -g^Jial^* 7l#*l-<a s).7li!l- ^t^. «^7l<H|A^^ ^s)^ ^§-«>fl-H vfl-g-. 

«efl2] -^a^ -g-o]s. ^cfls A>^B>o^ FDRT '>ijiel#* 'a'3*>7)S. ^t^. IS - 2000 >^>'a="fl>M FDRT ^j^el 

#-8- *>7ls] < a 2> i+ ^ct. 



^711^.51 ^2001 -0109900 



If variable - rate Reverse Supplemental Channel operation, flexible data rates, or both are supported, puncturing after sy 

mbo! repetition is calculated as described here. However, the puncturing in 3.1.3.1.6.1 and 3.1.3.1.6.2 is used for the f 

rame formats listed in Table 3.1.3.10.2 - 1 for the Forward Dedicated Control Channel, Table 3.1.3.1 1.2 - 1 for the Forw 

ard Fundamental Channel, or Tables 3. 1 .3. 12.2-1.3.1 .3. 1 2.2 - 2, or 3. 1 .3. 1 2.2 - 3 for the Forward Supplemental Channe 

l.The number of repeated symbols punctured per frame puncturing is defined byP= LM - N where L = Number of speci 

fied encoded symbols per frame at encoder outputN= Desired channel interleaver size (N ^ L)M= [N/Lijs the symbol re 

petition factor for flexible data rate If P is equal to 0, then puncturing is not required. If puncturing is necessary, ever 

y Dth repeated symbol is deleted until the required number of punctured symbols per frame, P, is achieved. That is, if t 

he unpunctured symbols are numbered from 1 to LM. then symbols numbered D, 2D, 3D.... are deleted. D = [ LM/P^or P 

0; otherwise, puncturing is not required. 



^-^-il ^S.<^ ^MS. nfl D'd^fl ^S-O] ^^s}"^ ^^^o_s. LM-N<?1 P7ll2l tf-S.o] ai^s. 

* ^-§^s>7fl o]z]^ FDRT«o>^-8r ^^^^ -^^ (Convolutional code)^^ ^.^^ ^ ofefl^ 3l^^o] 

1) "a^^^l- -a^^ ^7]^ ^fe ^-g- ^€(puncturing pattem)^S. ^^tbcf. 

(2:^ 3) Jf s:7lollA^ -t-^Slfe ^s-o] -a-g* $<atl ^\-%-^<^ €^tl4. 

^^1^71^ a:?!*'^ ei-^^ ^S.^ ^3:7l«>llAi -yi-Sl fflEl ^S.(eiTor sensitivity) 7> H?fl^ 

A}^5V<H 9Xt^. ^elM- ^1^1^ IS -2000^1 FDRT'JJ-^-g: cfl^^^l ^s] 

'Hl^i '^f-S-^ 2:^^ s>7lSl < i 3> 4 ^1^. 



IS - 2000 RC3 (Code rate R= 1/4) Maximum Assigned Data Rate = 19.2kbps N= 1536bits Input Data Rate = 15kbps Code 
d symbols per frame (L) = IZOObitsM = \WL^ ( 1536/I20(t|2 P = 864bits (LM-N= 2400- 1536) D = ILM/P1= l2400/864j= |f.778j 
= 2 



^71 S. 51^ ^^ol ^S.o] =e|I^ (coded symbol frame)5l <S^^9l 1728HlH<HlAi^V o]^o] 

^IJI Hell-aol §Jf^<a 672H1H ^:?>oilA^^ o] ^.^l^^lx] ^-i- =^ Si^^. -^V7l £ s-Hl^^ ^c^a^ o. 

S SA]^ ^^ol >ai^* Slnltbcf. 67271131 411:^ S-^ 2^"^ ^^^Iji 
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^^€"4. ol El tlN= 153621 =21101 tfl^oj ^^M. ^ o)^^ ^o))Al ol^l* (S;?! 3)<^ ^MflSl^ ^ <»1 Cf. HfE^ 

>H FDRT'J}^-& ^^ol] 2lsflAl >a^2l «S^7> =1^ Sl-i-* Sl°l^VcJ-. 



£ 6-8: f^2fl7l^o)l i4# FDRT iJ^oflAl ^>t]7lSl f^-a-oll^i ^J-t <Hlui;^l2l ^ =?fl'?j'^ 



^7] £ 6^- Assy's. FDRT «o^^<Hl t4e^- 'a-&*'8: 200°il ^-tl?! ^ °l2fl<5l^ ?J -y-i- 

7] (Erasure Insertion & Symbol Combining) 210J2.^ ^^7] ^Jl- ^^7] 21Q<^1>H ^I^l-S^^ -iJ-i-i-oll cfl 

n^^^ (Symbol Combining) ^^S] ^^^o] 7}yC\^ -^cfl^"?] M ^1 (Symbol eneragy: Es)2l 

^3.7} 9X^. ^^oi]A^ oj. ^ BV^SIx) 8647)131 4]1-&21 -yi- oflM^l Es« l.O^S ^^fl-^*l-5a 

# ^a-tfl^^S ^°121 6727)121 ^l"i--ar M = 2S ^1- ^^s\o] Es7} 2.00] €4. 42l-><'i ^°121 >ai- 

«^ ■S-'ytb ^ll^*^«)l^i +3dB2l Es/No2l o]s.^ 7>;a'^. ol^Tfl l-5<as>7)) 12004Jl-S-^El R 

= 1/4 ^3:71 (Channel decoder) 220^ ^Sll" t^^sH 300«lS,2l -ill- (information symbol)-i- 

t^. ^l^lsV^^i-LV ^^s. 5121-^^^4 4v^*i 3. A^:g.oi <^3^y} ^^st}^ ^ 
711^*1-71 ^SHAi^ oleltl ^5(il;g^ «(|^Sl-fe ^ol ^^el-r^-. 



^J-^lSf ^^''l ^^^^Slfe ^91^ «>S. ^^3)1 ^(Puncturing pattern)*" ^^jsf^ D^<^1 9X^. ^. ^1^ 

21 IS- 200021 FDRT <a-^el#oi]A^ qs. ^^uj- nfl L1VI/P71- ^^^^71- ofv^ ;g o-o^] ol jicf a^o. ^4,0^ ;^^^oi |LM/p| 

1- DS ^^«>5acf. 4e}>^-l °le1^ ^-t- ^^I P x D7)1 'L^^'?}-^! ^'■^SsIt^I ^^:^] P x (LlVI/P-D)2l ^tb^fl^i 

^ ^^ol ^/<j5l-;^l ^fecl-. oils. S.O] oj-o^ t.i];^loi ;g o. L1V1/P= 2.778°! D=2, LM/P - D=0.778ol ^1-. ^^^^ P 
XD = 864 X2 = 1728°)1'H^ ^'S*}^ P x (LM/P-D) = 864 x 0.778 = 6722) ^?]-o)1a^^ ;^^o1 

^1 ^^cj-. «^2l O.S DS «^*>^ 2l.^o)l>H (LM/P-D)21 ^}o]s. oIbH 1^?"^^^ ^^<^1 ^^S^^ ^o^. 



^^^V H><4 f^Ell7l^oil a^^ FDRT «o^^2l §;Hl^# ^ElsHJi-a ^4. 

53^. ^S. SE^ ^^1-^^^°)1 -^f-g-sl^ FDRTIj-^^ -*f5:7lo))A^ #^sl^ ^^o] Ai^o^ oilE^ ^s.7} SV 

^21 iEfloJ(a.^o1)t)lo1 ^^ofl tflsflAi 7121 o.s..^e1 7}^^ ^<U^ (Uniform puncturin 

g)»g^* .Q-^^nl-. ne1i4 ^>ll IS-200021 FDRT'8-^21 ;^-¥-<i|l^ oli^. 7^0] ^^^sl;^l ^o_b.S. 7\^s] fD 
RT'&<il* cJ-HTll ^A7> ^cl-. 



71^21 IS-200021 FDRT'9-<i=l2l ^-^-^H^ ^1- m>^S1 ^^<H1a-1 7l^al.^S FDRT* "L^^ "o^^ (Repetition S 
cheme).2.S. ^^^<^ ^ -g- 3)1^ (puncturing pattern) °fl 3.?]] -^g^^o] ^jo,^ ^v^gj.^o.q. o)^ -§-<at^ 

7ll'd<HlAi S)l*j£lolo> ^Vcf. ^ ^^o\ oiji 3|ajo) A^^o] FDRT-o^^* ^S)l^i^ -¥-S.7HMi #^sl^ ^^.o] 

1-21 o)lEl 7j-i7l- *1-1421 HB)l^(-¥-J:Ol) *fl2l S.^ ^^«>)1 cflSflAi 7l2l -S->^>*>Cl-^ O.S«El 7}^^ ^<Q^ 

(Uniform repetition) «oM # ^^V^^fl"^!: 14 ^ ;»)! el IS-200021 FDRT'8-^21 ^-?-o)l^ olsl- 7>^o] >y 

^£1^1 ^.2.JS.S. 71^21 FDRT*?}-^* 4^7)1 ^-§-^ ^.a.71- Sicf. 



't^^---l '--l^f Ji4 7]-5?2i Ji^;,l1 

ttfel-'H -g- ^^"321 s.ai.& cfloiEi .g.AiAl^^oiiA-1 ^1-^^ .^i ^^l-^^S* ^>-8-*>>m '^l-g-B}^ ^ 

■f 3)^31 .a. "a ^ Sife 7>^c-)|oiEl 9X^. 

2:7lSt-i- 2:^^0.5.^ ^'^'t'^] ^^^^i -B-"aSl-7)l -S-^l-Sl-fe ^V^OlolEl ^^S" HJ"^ ?J ^J"^)* ^l^^-Hl SU^. 
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^-^1 s.^s\^ L7^s\ ^c^^s-f^ofl^^ ^-ysj-Tii P7flsi ^i-^* -y^i-s ^^^s. 0)^0]^ 

4. 



^ ^ll^^1 (Aspect)-^) ^S.^. -f-AlAl^EfloilA-l olEl&|Hl 3.7]9^ c}-g- 51^L4]¥1-* ^i*s}^r ^V^cflo] 

5>^r 4^j4, -^^7] =7^= Al^s.^ ^^sfl^o)) 4e^- ^^^^ 4^^4. ^o^7l ^H.-^!--!-^ ^fl^ olEl 

«fl^S>ir ^^s>7l o^7)Al,23,= [L//'l olJi D,= lP,//'jD,olj7.^^ ^S.S^7] #^ 

€ ^1-21 ^o)ji ,P,=i'-/',^ - ^7l(D2)S. ^^S\ '^o]t^_ 



*><>i ^^-i- t^*}^ 4^* i^^4. ^7i Hi^^sii^^. ^7] ^5i]<avflsi ^cAj^s.^ Dl ^ D2 ^^i^ii *e 

'3-*>fe ^^s>;^l Al^s. ^^j?V4. <^7lAi D,= [Z,A4 1 o]jip,= \A,/A,\D o]sL,JL: ^S:^7] %^ Sl^^A 

^ ^ ?!'fl ^7l(Dl)°fl "^4^ 4J1-4 =rOl31,'4j=^-^,^ -f- Hl^l) u]^^ ^7|(D2)<H1 4*l| ^1-4 

^<*14. 



o — 1 i o * 1 

^ ^^4 4^3)* ^^H14 ^Ml^ ^^o] ^-f-^ i^-i-* ^"^^ ^ol4. # ^^^^1- ^ 

^-a^v ^^^^i^oi] tflsflAife ti]^ cf^ SL-a^J-^i] X4444£ 7}^^v ^ ^oj^ ^l-aisi^i- ^ 44^flJi 

■^4«fl^t t!-4. s>4<H)Ai ^ «^t^^ ^'3^0)1 oio^ 7)- ^A^ofl cfltb ^^H-a 'S'^'^l ^ 

■34 -S-4» *1 ^ 5a4:ii ^^^^ ^^ofl^ n ^Ml^v ^ig^ ^gg*^ ^014. 

^>4<H14 ^'•'^^ *efl 7l#o)l 7]-^c)]olEi ^^(FDRT)'?J-^ol 4\1 ^^1^1- sfl^^W 4*fl4 ^''4^ 

€^ (puncturing) £^ (repetition) -^l^ol^S^ sj-fe FDRT«J^4°)1 ^t!" i]-^^^ 4°14. ^1^ ^ 

^^tl: €^2fl^ (Uniform puncturing pattern) 5*^^!: "^t^sfl^ (Uniform repetition pattern)^- 

4d)^4. ii}.4Ai B>7loi)Ai ^tg:g fi. ^v,^ pDRTS 4^ 4^.^ ^^^HS ^J?^^*!}-^* ^mt!:4. 
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-s- ^^"^^Vfe- 71^05 4^ fdrt hj<5^<hi>^-i ^-y «v^oi oi^oi^i^s. 

^•y-a- «>S ^^31)11 £fe av^sil^^ ^^Sl-fe DSioll ^. f'efl ^l^-Hl IS -2000^1 FDRT -^^Jiel^oflA-l 

Ja-S D« nil LM/P7f ^=r7l- of^d ofl o] jicf sldts] ^=r<y ^ DS. ^^sV^i^f. ^^^^ =1 

^^-f ^^1 P XD71) t^J*}'^ '-f'^^l P X (LM/P-D)2l ^^oj ^vtJsH U^^. 

s-o^ ojsj c^];^]5] :^o_ UA/P=2.778o] S.S.. D=2. LM/P - D=0.778ol 4. P x D = 864 x 2 = 1 728<Hl>«-i^ 

^'^^Jsl-Jl, P X (LM/P-D) = 864 x 0.778 = 6722) t^^HJa^^ :3^^o1 ^v^^b^ ^^4. ^1^^ o.^ D-t 
4^>HlAi (LM/P-D)2l ;*Vols o1«|] l-^<a^v ^^o] ^v^^s}^ ^<»14. ^l^lt} *II^Sl-7l ^SflA-) cf-g-^ 



(FDRT 2i^l)m N^S.^^ ^^SlfePXDfePXD^ LM# ^>^sfl'>l: ^Vcf. Dfe D ^ LM/P* ^V^sfl^t 
(FDRT 2:^2) -y-?) (FDRT °vl^5>^ DS-?-El ^^V |Uy/0) 7)lS) ^^)» ^]si\^ (P - Imo) ) 



(FDRT 2:^3 ) Dl- ^^5>fe- ^f^^Hl^i (LM/P-D)2l ^VoJ^ o]^ ■i-^'^'?!: SE.^ ^-g-afl^^ 3)4i^^4. 

olsHl^lfe FDRT a^l-* J1S1?V ^ 4^ FDRT1>^^i -S^^<H1 tfls>«:^ ^"^^4. "d^ -g- ^"^21 ^1 

l^AHlo)) tt}.= FDRTIj^^al °^jLZ\^o] ^j-g-^ ojlfl. ^i^5>ji_ cl-g-o)l -g- ^^S\ ;«)li'^/.lc4|7l- ^mVs}-^ FDRT'lJ-^oi] 

A. -M^l 

A New Flexible Data Rate Transmission Algorithm Type 1 

^ ^^'SS) ;Hl 1-^-^1 oil «H) 4# FDRT«o'-^2] ^Jjiel^o) ^j-g-^ ofls. ^i^^>cf. o) ^Ajc^joflA-) i:^^ s)-7lsl < 

a 4> 2)- ^^D). •arJie)!'^ s>7l2] < a 5> 2f :a-ci-. 

131 41 



IS - 2000 RC3 (Code rate R= 1 /4) Maximum Assigned Data Rate = 1 9.2kbps N= 1 536bits Input Data Rate = 1 5kbps Code 

d symbols per frame (L) = 1200bits M = (WH= ( 1536/1200^ 2 P = 864bits (LM-N=2400- 1536) D = \LM/P]= f 2400/864 j= 

= 3 



2.778] 



\si 51 



D = f LWP ^ 3 The repeated symbol is deleted if the following condition is satisRed. If (K mod 3 = 2 or K mod 36 = 0) 
then Puncturing where K=0. 1.2,3. ■ •,2399 



^^71 < a 5> « ^^3] :^]i^A.]c^]<>\] 14s. ^jiejaoijA^ K mod 3€: K# 3.2.S. q-o]^]!- 3\xj]^t:\_ 

^ D§ ^S>^ (FDRT 2:^l)-g- ^V^Sf^ o.'^, 36olE)-^ ^SVfe (FDRT Sl^2)9 ^}-%-^\ 
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< a 4> "HI M-E^id: 2i:?i ^ < a 5> oil i4e1-\+ ^jie)#oH nf^ ^olc}. 

^V7) £ 7^ ^^Bf-a, ^;<11S. ^^o] «.3:cH ^1- Hell's (coded symbol frame)2l ^ ¥^«>l|^i Tl^l 5^«1-?11 
<H^1^ ^1- 1- ^ £ 7°11^1 :5l*VA^ o_s a^l^l -^^'^1 ^i^l^cf. 2^^ St^sj^l 

e^^l N=1536S1 Ssfl^ vfl«-o^ aJ^:^^^ ^ nfl o]^ o. oVAi ol^t> (FDRT 2:^3) oil -^^S}^ ^2im: 7}^^^. u\-^ 

oleitv FDRT^j-^-s- ^"anv ^^^ii si^flA^ a^^s} <^^7\ »^^s*}^] e^*>^ ii-a ^ 

£ 8^ ^ a},^o^ o,]o,l t4# FDRT «o'-^'^>H T^-H^lfil f^i^ollAl ^dl^Sl-^ oIlM^lS] ^ H?ll<a 

:i1h7l 210.^5. ?l7>«x:1-. ^7l :g^7l 210o1|a^ ^l-* ^^5>^ (A)oll S.^]^ ^}S\- ^o] 12007^ 

S.O] ^^S]T^, o]^ (B)o11 S.^-]^ a>2l- ^o] 442^ ^J-M-lr^"! 7^^ ^J-cfl^'il ^l-<Hm:^l (Symb 

ol eneragy : Es)^ =l^^]^'\ 8647fl2) -ai^lrSl Es# l.O^S. ^fl-^5>S* "fl. 

^Vcfl;5j o.^ aV^sl 672711^ M = 2S. ^Jl" ^^S^o^ Es7> 2.0<^1 ^]^^ ^ T^^ofl 5'a*> 

7l] S^Ss}^ 9X^. "l^l* ^3:7l(Channel decoder) (<^1: Viterbi decoder) 2203^ 
Ai^^ 7ll^Al^c|-. 



Generalized Flexible Data Rate Transmission Algorithm GFDRTA - I 

^ "aroiel^oii A>.g-5]^ *>7l2l < a 6> =!■ S^^. 

[if- 61 



P = LM - N ol7lA^, L = Number of specified encoded symbols per frame at encoder output N = Desired channel interle 
aver size (N ^ L) M = \NILj^ the symbol repetition factor for flexible data rate 



^>7l < a 6> oil M-El-Vi -ttJl El 1^0)1 nVqj: P7]. Qo]^ ^^51^1 ^^4. ^^Sl'S HSll<a 

'3-P71121 UlE7]-^^^ nfl^;}^] MH]^ uj^^ Ai^-l:^ nfl (Dl)«i^ll4 (D2+ D-d^^V^ €^^4. ^. M^-i^ 

aV^^ ^^o] Aj^^ lOlA^ LM^'W Dl, 2D1, 3Dl,...2l ^a^o)] sfl^sV^ :^:£ol ^l-s-i}. D2+ 1 . 

2D2+1. 3D2+l,...2l ^^^ofl ^-^S]^ :^:£<H D2+1, 2D2+1, 3D2+1. ■ ■ S] ^^^^ 

1 (m= 1,2,3.- • ■•) 2^21 ^^^^17} #^s1^1 ^^fl^l7> 9!^M-7>£^ 5} 7] 5Jo1ct. itl-ef^i ^-^ 

mDl(m=l,2.3.- - )^2l ^^^^7} 5>7] "^^lo] JL^^ ^£ oll# ■i-<H,D2+l, 

2D2+1. 3D2+1, ■■■■S\ $A^ol] n^^^ ^S.<>\ -ai^** ^^s>^ cfl-aofl D21 - 1. 2D2 - 1. 3D2 - 1, • • -^l ^a^o)! 
Sfl*^*}^ ^1-1^* €^5>ir 313^€ ^ Slfecll. °1 mDl(m=1.2.3,- -O^^ €^^^l7>#^Sl 

^1 5V7l ^?!: ^o]^_ o^7lAi A>-8-5lfe D121- D2fe sV7lol < ^«VA1 i> ^^^cf. 



•I •■{--! 1 

Dl = \LM/P] for P > 0 ; Otherwise, puncturing is not required. 
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PI = IU//D1I 
P2 = P-PI 

D2 = sDl for P2 > 0 ; Otherwise, puncturing is not required. 

^c^7l < '^n^ l> o)|Ai sfe oVEJlsl < ^3^^ 2> * ;8^f^o))Ai ajcflsl ^^1- filDltVcl-. 

.-p -«j-.s! 2 

(sDl) ^ lLM/P2j . 

s < ( ILM/P2I )/Dl = ( |LM/Dll)/P2) = |P1/P2| 



£. 9^ < 5 6> oil H-E^vH -S- ^^"^2] A] 0)10)1 vc^^ FDRT -f-^sl li<^^^ £ 



>a-7l £ 9# 40l'S7jl°)1'^i^ FDRT<Hl ^Atb ^aS] 3|-ef°i]El#(N.L.M.P)l- 2:7)^^1:^. L^f ^^l^ 

cflolEl sflolEo)) l^^S]^ ^ol^l, M. P^ 4^7] ^o\]^^ ^n^]^ 5tol4. 402'LMHlA-l^ <a-JlBl#o11 ^o]^ 

o)) nfefAl 5l-EVnl|Ei D131- PJ# 403'a7il<H)/.1^ "S^Jiel^o)) ^o^^ aIo)) oVel-A^ D2Si- P2# 7i]<^^ 

^. -^71 'a;^HlAi 3^e^DflEls.ol s.^ 404^:^] 408^7^1» 1S-?-e1 LM^^l ^^V^ o.S 

?>*^-i- °l) ?l-S-^°>4 S^^-g- 405^7ilollA-1 k7|- (D12) u)14^) S£^ (D2S) ufl 4: + i) o] 71-1- ^'ilsf's^ sfl 

"S^^Vfe ^-f , 406^^1<Hl><'i Sfl'g^ k^«fl -¥-^o1 ^1-* ^^tl-c}. 7) 405'a-;^HlAl ^-asl^l ^-a- ^^^ll^ ^^■7) 406 

^7il# ^«9S|-;^] U^. 407^7ils kSt* +1 *7Va)?i4. zislji k7l- lm^^^I s.^ 

•^V^j 'r^^<^'>\ s)-^ k7l- XJ:5.<a ^ -g-^* k = LM^W, ^ 408^7^1oflAi k = LM + l<?] ^^S. n^l^ ^77}^] 
^^7] 405tM) vfljx) 407'a7l)2l aV^^cf. o)e^^ a^^jofl ojsflAi ;^s1 (Uniform) ?V FDRT 3l|S(pun 

cturing pattern) 'IS ^ Cf. 



^>7) £ 9o)lAi^k7l- (D1£1 «H=r) S£fe (D221 uil^+l)ol7f# S^olsH *fl'3-*l-^ ^-f. Sfl-^- k^^ -?-^cH ^^1:* 
^'^s>^cf. nEluf «Vi4 k7> (DIS) ul)^) (D2S1 ufl^- l)o)l Sfl^a-^Vfe ^-f 

-y^lrl- ^£ oic}. D12] ull^ofl sflt^ef^ -^^ol -ai-l-s^ 9!^i4^^ 4# ^^l<HlAi ^^o) o]^o] 

^]^^ 5>7l ^ojct. s (D2S1 UH^ +1) (D2S1 uH^ - l)o|] sil'^s}^ ^S-O] ^^^^-S: DlS) ull==r2^ 

•Hi sfl'^sFoi ^^s)^ -¥-s.o) cl--^ ^^Hl>^i ^^slfe -^-^ol ici- O-S^ (Dial afl^ 

£^ (D22I afl^^i^ + a:,) (o^7)aia:,^a:,) ofl «H'3-s>fe 'iJl^l-i- ^^e>£^ ^ Sicf. 



£ 10 ^ £ ll-S- ^ ^^"^S] ;»lli'yAH)o]) 7>^ci|o)El ^^^)o) ^.g^ Jioi^fe ^^7] £ I0»fl 

^ ^J^^lfe FDRT ^Jiel^-a- «V£.«II<H(HAA/)^^S ^^^V «ilol) *fl'3-s}j», £ ll-fr ^^^V FDRT °^^5l'i'l- 

diSS?flo1(S/W)^^S ^'St.V ofl'Hl efl'a-t^"^. ^ ^ ^♦^'S'^l i4# 7>^cflolEl ^J-^]^ 3E liofl £.Al^ u><4 ^o] 
DSP ^-a- CPU Module S/Wa ^^o] 7h^efDf, i iQol) £^1^ «Vi+ ^^o] ASlC-f-S) H/WS.5E. ^^o] 7>^el- 
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4>7l £ 10* #25>^, FDRTSI ^o]B\ 2)lo]eoI] u^b^a^ d27> z^^^SI 3.^S. sHl^lr^rE^ (Modul 

o Device Register) 320,330<H1 ^^^i:}. t-}* (Counter) S. 51^ 4)1- -y^!!^ ^^^S^] 310<H) S] 

^ ^^^Jslfe ^s-o] <y -J] ^ (Coded symbol index)# ^^S) Z^S. «V<=>1 i (Modulo device) 320,3300] a)5I 

^^^]7} 091 4^ ^^7>^Al5:(p„„^t„ri„g g„3ye signal) PUNC_EN* ^-g-7l(puncturing device) 3 

SO-^l -a^I #^5)^ -ai-Sj LM7flf'ol|Ai N<il ^14. 

7) a.-!- 5.S.rz^ (Address generator module program)* ^i^s>Jl 5j[o_n] y^y} ^7) xt\s. ^:QXlo. nV 

^-f 'flfe St* -t^sW ^ir4. ^el-a H/WSl- ■S-<a5>?)l ^^1 ^fe LM711 ^^1^^ n^I 

ol'S-'HMIfe ^ ^^'^2] ;*<ll^Alo))ol) FDRT 'ir<!^<H) tflsVo^ ^"g^f^C]-. 5f7H]Aife ^ aVt^o^ ;fl)2-yAlo|l ^ ;H]3'i 

^1<^1'H1 4^ FDRT «o^^<Hl cflsH ^'gs}7lS ^Vcf. ^ »^^Si\ 42^^]<^ ^ ^IS^aH)^ S|.7ls] (a:^ 4)^ ^7^2! o. 
S J1B|*> ^ol4 sV7l5] (^^ 4)s. j7e]^V ^ ^i^s\ >f|l2^Al^l ^ ;tfl3^AHloll i4# FDRT ttal2l#* ^ ^'Sofl 
^Ife^ " i-^^ FDRT oje)- ^oji:}. 

(S^ 4) -^iS^7lS-?.El t!: M Bfl ^>4s1^* «fl (M > 1). M 711^ »Jr^^ ^ Sfu). jicl at 

•a -^5:5^71 %^ ^^^L ii4 ^^^i^ 44^ ^* 44^V4. 



[£_2J 

[^•:]X JjLcf 37i4 l^Jx JiL4 3}?]i4 ^-g- ^tfl 



-¥-J:^7lS-!fEl #^^1 ^> H£fl<a ^ L 7llo) Al^^o^ M «flS «l-^5lo^ LM 7flo) Aj^o] LM 7)) 

2] * P 7l]£] Ai^^ (P=LM-N) Aj^o^ olEjejHl 37101 N 7)1^ (N=LM-P) ^^^4 o] 

nfl P 7114 -ai^* ^^«^<^1 Sl<H^i. L 7)14 ^H. >yi- zt2]^o)i tii«j (M- 1) 7114 S>^« ^a^l-^ ^^44 

^31. ^ 7J14 ^«-^* €^ cfl-a-^s JZSltb4. 

£ 12^ -g- ^'34 ^l2^Alo(| ^ ;Hl3'aA]^]o|) 4s. PORT '8-Ai* ^i^gsf^ 4t!: £^44. 

£ 12# #^44 -^"34^. 4 ^(column)-?: 444 aJ^o] m ufl hV^^ M-4]1^ ^^H"* 4444 4 ^ 

(row)^ L 7)14 3.^ ^J«* 44\H4. 4 °fl P 7)14 ^'1^* ^^^<H1 SI44. L -a-i^s ^* f- M- 1 7)14 *S 

c)l«flAi^ Ai^ ^^o) gio.4 444 ^°)1 cflsllAi^v Ai^ ^^oi oi^oi;5i4. 4^4 444 ^^]^'\^ l 7)14 -9* 
P 7H4 431^4 ^^^4. 44>H -^-4 4)# ^^4fe Livi 7H4 431^ ^ P 7)14 -ai^* -t}^4^ ^ 
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2, 3, 4. 4. 5. 5. 6, 7, 7. 8, 8, 9, 10, 10. 11. 11. 12, 13, 13, 14, 14 L-2, L-2, L- 1. L- 1. L ^^S. #^ 



B. 42 ^^1 

^ t'^s) ;M]2'^>-1«)1<^1 Ja^^ FDRT "^SLe^^o] ^ig^ ^olcf. ^ ^^s\ ;tll2-M>^Hl°fl i^-g- JS-^'^ FDR 
T S <t:ae]#o)l a>^s1^ ^^Irl- ^j2]5>^ sV7ls) < a 8> 
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< S.^^ FDRT ^Jiel# J > 
M= \ NIL 1 : 

P=-LM-N : ^^s\ ^ 

A = L-P 

A= r LI A ^ ^7] 

^7iA^. ^V7i 7}^ijT LM 7iifii M7Bfii -s^ia-^s 

(W}^^ M 71121 ^Ajg Jll-)*. 

^f- G, . G2 . G3 G* Gl o]e>aL 

* G { OxA + ^i . l>^Di->rKi . 2xDi H-/i", ..... (ylj-l)xD, + /fi , 

0xD2 + /^2 . Ix£)2 + /f2 . 2xD2 + /f2 Ma " 1) X + /fg } 

n#S| n};^!^ ^^^C}. 

X 2 ^ 0 3:31 £>, ^-S- (e.g. I A/2 J 

* «»1 L 7|)2l >9-t## M l «11 ^^t^ ^, L 7l)2) >ai-i-^ 



4^7) a.^^ FDRT ^Jie|# lofl^ife L 7)151 41* # P 7)121 ^Jl"^ ^-g-^^l-fe 7)1«^# L 7)121 >ai- P 7)l2l Aj^^ 
^l^l?!- A 7)121 ^1^^ ^^sH ^Jl 'J-^^^cl-^ 7^^^ ^-as}?)! 4Hl->^i ^7l iL^^ FDRT iJ-Jiell' L A 

Si 431-1- A 7)12] -J-Tll- ^dll-g: ^A^^^ o]^ol^c}. <^7ll- 4]l-#^ ^ 7M ^ 

7l/>,,^:0)l l4s^ Z|4^,.^27)l7V -^^5)1^. ^^^1 ^ ^7) ^D,7}D,S\ Vl^^^S. ^^^Ife ^H^-o) #^^1^1 

cl-€- ^'^^^..^j'S^ ^H>Sa (offset) Sl-H ^^^14. ^o^^^l i^al FDRT ''^S.^B^^^ -^i^^ L 7)l2l 
M - 1 ^4?^ L 7)121 ^1-1^ ^ A 7H21 >d«iSj| ^7> MV^S>^ ^-f-SVcf. 
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£ 13^ #2:5>^. -^^7] FDRT "^^Jl^^ l€-, 411. 412. 413<^]M N. L. M. P 5Jt^S-*?-El 

4e^°^lE^■i•(D,:-4„^2=0; ^TII 415'H1-*^ ol^q^ k of) C|)^ 2:^ tmod(AYXD,)=0 OR A mod(,WXDj)=A/X A', ^ gj-o] 

Sfja. •■ oj-q^' ol-a 416<Hl^i €^1- *V:il. 'S^l 4n^]^^ °d^^ k# k = kH-M S f^7Kincrement) ^l-7lJa. ^ 



£ 14 ^ £ 15^ -S- ^•^'3^ ;M]2-M'^H1<H1 i4# 7l-^c11olEl ;»^;^lo) ^a^^ ito^^fe i^olcf. ^^^71 £ I4°fl 
€ ^^1^ ^'s^^ M.^^ FDRT "SjIBI^ 1* «fi= «1)<H (HAV)^ ip.^^ ofloil aflig-Sl-ji. £. 15^ 

5<H1 iA)^ «)-Sf :y^ol DSP ^-S: CPU -f-^ Module S/VJS. ^^o] 7V^sftH. £ 10<=H1 Sa]^ uj-fij. ;^o) ASIC-f-^l H 



-a-71 £. 14# ^2: el's, a.^^ FDRT ^Jie1# IS) ^J-^) 321. 331* mod(.v/xD,; modCMxD,; 5. *}-o.s.<<| ^ 

^« ^ Slcl-. ^J7l a.^^ FDRT '&JL^\^ 1* ^^^1 321°! *niod(A^XD,)=0 o) i^ej <aA|. ^^s^^S 

Aj7l ^^^] 331ol*mod(A^XD,)=MXA'. ir-E] o^aV ^^^fS^ ej-jl. t-^o)] Z]-Z^- ^s] ^ " NOT" * ^ 

Si-i-ol ■• AND" <&^7] 3410)) 7Vs|]^li^ ^^S-H a^J^. 



^^^71 £. 15# #a5>^. 7>^iHlolEl sm^^S. ^-f-oll^ :3l^7] ;;flH^S. ggj^ <H^£ll^ «v^| 

7l J2.-i- (Address generator module program)* ^1^5>J1 9X^^. k7} ^^7] E.S.ZL^(^] it)-§ 2i^^^ °d 

^-f sfl-a- ^^cf. H/Wfif ^'U^}?]] -M^l ^-i-s^ lm?)) f^<H]A^ n<»1 

^>7l il^^j FDRT ISI ^S-f. ^^7) ;HH -i-^ 36121 #^ PUNC_EN-8r k mod M = 0 

"^flfe ^cJ^-S^ 0 SIS.^ k mod M = 0 ^ ^-f . ^'^7] ^^7l ;«11<H -l-^ SBlofl'H PUNC.ENol l©! Slfe- S^-fr *modiW- 

5. *^^S.^ ^ Xi^. 



C. ^1)3 oj) 
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< ja^^ FDRT t>jiel# 2 > 

L ■ ^-^^y] #^ 4)-s-T 

M= \ NIL 1 : 

P==LM-N ■ 41*51 

A= [ UP^ : ^ -^i^ €^ ^7) 

P,= I L/Z», J : 5J >a^2l ^ 

P2 = P-Pi : ^ >S*S1 ^ 

Z)2= i Pi//'2 \ Di - ^ ^"E^ ^-y] 

^7]^, 7\7]3i LM 7iiai ^ai-^ ^*>^-e.s M7fl3i -a-g-ia^s. zi-zi- 

M 7flsl -ai-S. 'T^^ =3.^)-^, 

^-g- G, . G2 , G3 Gk Gl *>^, 

e { OxZ>j + /fi , lxD, + /f, . 2x£>i + if, (Pj - l)xZ>j + /T, . 

/f, ^ 0 JiH4 £>, ilc^ 3h?1i4 ^-8: =3^ (e.g. A) 

K2 ^ 0 iicf 33. Z), (e.g. I A/2 J ) 

<fl-l- ^<H, ML711S1 oj^ -a*** «»>2fl2l- ^=-1 ai^ 
S = { a\ , ^2 , a-i Ci , ... , aiM ) 

FDRT °^J1211^ 2<Hl^1fe L 7flsl ^1- # p 7flsl -^^7] FDRT <a:Jl2l# 2 

L 7]\9] 4^*1: f^°ll P 7l)Sl ^^^Vfe 4^^^ o\^o]^t^_ ^^l-'g- ^ 7^ ^7] D,P: 

oJl m-el- Zj^Z^/-, .P2 7ll7> ^^7] ^ ^71 ^£>:7VD,fi| Ufl^SfS ^^^S]^ ^^^A 

€^ ^^^..^2'?># ii-H-^ (offset) Sl-H -^^€4. 

«>m £ 16, 17. 18<>ll cfl^ ^"^"^lAi^ «,=^>,* 7V^5l-S4. 
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-^'•71 £ 16-8- #2«>^. 421, 422. 423oll'*1 N, L. M. =tS]Jl p Sl:0.s.-?-El 3^^^•ui)E^l■( D,.P„P,.D, )^ 

S>:a. 425^^1<HlA^ olcj]>- i^ofl cfl^V 2::^ Amod(.AfXD,)=0 OR * mod(iWxD,)=,WXA'j ^ S*<ys>Jl. " d^y o]^ 426'a-:^l<Hl'H ^ 
-g-^ 427'a7^Hl>l k# k = k + M S. f^^Kincrement) M-7]J1. 425^^]^^^ k ?} LM « "fl^W 

^^*}^ ^ns. ^ sit:}. 



^1 ^^Ife^ .a.^^ FDRT 'gJaell' 2S el.H.^flcH (h/W)^^S <:^lo)) Sfl'^-sla. £ IS-S- FDRT 

€ DSP ^-§7 CPU f-al Module SAVS. ^^o] 7>^b>o1. S. ITofl iA)^ uj-s} :^ol ASlC-f-S) H/WS£ ^ 

71-^SVc}. 

^V7l S. 17* ^^-71 iL^^ FDRT '^^1211' 2^ Sf-S ^^1 322, 332-& mod(A^xD,; mod(WxD,: ^ ^±S. 

^ Xli^. ^7) fil-S. ^^^1 3227}l'«>od{MXD,)=0 i:-el <a^V ^^s}-^^. ^yj, i^.^, ^J-^] 3327V *mod(AYxD^ 

s\ <a>i> :a3|-# t^^5>£S. ^ ^^o] " OR" «a^>7l 340°11 71-sfl^lS.^ #0.3.^ oic}. 



7] 3.^ (Address generator module program)-* ^]^^^JL Si 0.0^ ^7} ^'^71 of-g- ^?i<i^* 

^*}^ ^-f-^fe St* #^*V^1 ^^14. :ie1^ HAVSl- -S^-ael-Tll #^s]fe ^fe lM7|) f-oH^-i n^I 

^cf. ^o^7l FDRT ^J1H1# 2 2] €^7) ;*)lcH ^s. 362°^ PUNCEN-S- k mod M = 0 °>\d 

oJl^ ^J-l} 0 o) FDRT -a-Jiell^ Z3\ ^-f , £ llb°)l M-E}'a affif ^o), seooHA] PUNC.EN 

<*1 10) S^-^ 2:^**nKxlW= 0 AjWD { A mod(A^X£),)=0 0« *mod(iWXD,)=WX/:j} 5. ^^S-H T^^^ Si'^. 



D. ^ ^^^4 7]^S] 7\^^o]ls;\ ^=J.Hj-Xl3j}.oJ ^Tfl ^ ^^3^ «Aj 

C}** 7l^Sl 7>^lHlolEl :a*'S-^4Sl 2} Til S ^^^l ^^^* ^■^S>7lS. <^7lAloj .^VigoJ j a] o)) c^] a} 

<^7)Ai^ ^l-^>a ^JLofl^i ^^oi) Aj^sl o]^^ O.S ^^*}J1. i^lom (Puncturing rate) afe ^ 

^ Jll olS (Repetition rate) «H1 4* J:-g: (Code rate) o| R91 3.^S] ^^^^^2) sg^-^i* ^l^l^lc}.. o] 

^A^^o.5.«.El ojAi f^EJl 7l^o|) o}^ lS-200021 FDRT -y^Jiell^sf ^ ^^<3<H)a^ ;Hl<iV^V FDRT"a:Jas]# 

ol^l ;x>oisq. -f E^7V ^* ^ A^^sl 5g^2J:^ <4|^?^cl-. *€■ °]^^ -*^^2l -g;'!] ^1^21)01.30)1 s\nAi\ 
»1 Hlasl£.s. cf^oflAl -^^^^ M^^o]^ -¥-^<HlA-l oVEfloil <4^Alfi} alHt^cf. 

-f-a. 71 ^si*>7is. *f^>. 

R : ^l-S*^}-^ Convolutional codes^ code rate( = k/n) 



- 17 - 



^711^-*] 3-2001 -0109900 



Rst : ^^1 ^fl^S. ^*5>^ ^^S] ^*e))o)e ^ (R). ^, NR(bits/sec) 

Rfdrt : FDRT» "fl ^fl^^3:7HlAi ^S.<>\ ^M: x (R). ^ LR(bits/sec) 



^fe *V7|S] < 4> ^ ^'^^t^. <*^7lAi Rfdrt< Rst-a ^-f^fl^ FORT'S-^ -HI -^jl: 

-g-Sl ^j^Sl 711^ ^. -^^^ ol^(Coding gain)^^<^l^i <^1^"^1 =L^^ ^^S. Rfdrt> Rst<?I ^-f'Hl 

4)1- Symbol Puncturingol Aj-g-Sl ^3^ ^. Jfi^ 0]=- ^^S^l^i ^^-8: 7V^4. '*1<^>71 

^^•^1 FDRT^ 7l^2j^S. N> Lol°S aV^o] A>-g-s1fe ^3,o]t^ u\e\A] av^o] A>-g-£)iis ^^^2] 71)^ ^. 



-r &Hi -1 

Average Coding Gain = lOlog (Rst/Rfdrt) (dB) 

•a'^lS, iJ^^i Rst=19.2kbps'a ^-f Rfdrt°11 4^ ^ (Coding Gain) # *\y]^ < S. 10> 

i^E^^cf. i4e}A^ "V-a Sim "JV^ ^^*|-7fl ^^€4^ FDRT« >^l-8-«>^ < i 10> ^^'A «>2f 





|Rst 


1 Rfdrt 


1 


Average Coding Gain 


CASEl 


1 19.2kbps 


1 17.5kbps 


1 


0.40 (dB) 


CASE2 


1 19.2kbps 


1 15kbps 


1 


1.07 (dB) 


CASE3 


1 19.2kbps 


llOkps 


1 


2.83 (dB) 



£ 19 ^ 20^ ^ ^ll-^Al<^l6ilAi TfloV^V^ FDRTofl ^^1- 



^>7l ^ 19^ ^ ^^o] IS- 2000 RC3(Code Rate R= 1/4)^1 ^-g-^ ^^^1 ^S^^l^ ^l*^l<^l>a 

riBflH^^lc}. ^]^]^ ^2flH^ 4^4 >^11-^^1^1^ (Simulation Environment) ^><^1 4 ^ 

CASEl), CASE2), REFERENCE) Si^^l ^l^l^ < S 1 1 > . < S 1 2> ^ < S 13> ^if ^c}. 

lii^ ill ^ 

CASE 1) • Data Rate 15kbps ( Pure info + CRC + Tail bit = 300 bit)- L (Encoded size ) = 1200- M = 2. N (Channe 
1 Interleaver Size) = 1536,- P (Num of Puncturing) = LXM-N = 864- D (Puncturing Depth ) = I (I^^^P^ 2* Punct 
uring Pattern ^tiliTi:fl>^]^ - 15 j^bps signal (Puncturing symbol ^*g). ^ Puncturing Pattern 15KBER_SEC. 15KFER_S 
EC: NEW Algorithm Type l^}"^ if (k%3=2 | | k%36=0) (k=0.1.2. ■•.2399) then puncturing 1 5KBERJS2000. ISKFERJS 
2000: puncturing pattem4-8- 
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^7fl^^ ^2001-0109900 

.12] 

CASE 2) • Data Rate 10kbps ( Pure info + CRC + Tail bit = 200 bit)- L (Encoded size ) = 800* M = 2. N (Channel 
Interleaver Size) = 1536.- P (Num of Puncturing) = M - N = 64- D (Puncturing Depth ) = I (^^ 25" ^l^S] p 
uncturing pattern 



[1^ I3J 

[REFERENCE)- Reference Curve : 19.2kbps, No Puncturing. No Repetition. 

^^y] 19# #^^>^. RC3^1^^fl<^1^^4^1>^1 ^^^] ^ FDRT«J-^^<^1 ^1^5^ IS - 2000^ FDRT 

^j:^o\] «l^Vo^ o.9dB<^l^-1 l.OdB^ Eb/No ^1^* ^l^^fJl ^1^^ < K \0> b}9]- 

^o] 19.2kbps*Hl Hl^flAi Average Coding Gain l.OTdBofl 7]^ e^^f^ -I^^^^M. <=>]^^ Puncturing^ Repetitio 
poflA-l ^<y^V ^5.5 n^-t ^^^S^ =L -^^^^1 oXr\^ 

^^^^ ^ ^^<^l^i FDRT^a-Jiel^^ (FDRT^^l). (FDRT^^2)7> >^^^o]] ^H-^ 

New FDRT Algorithm Type 1^>^1 ^1^^* ^ Si^^l-. 7]^^ IS - 2000^ FDRT^ 

3ie1§^ Al-g-^> o]5)^_ q}: o^jB ;,^^o^ ^ (Coding gain) ^* XJ-B"* Sl^^^. 

^1^^ SJ:>^i ^-^^V^S^^l ^^1 Hefl<a ^ yjizfl^J Sfl^ (Asymmetric pattern) nfl^oj] ^^^3^}^ 

^^^-^^ -^^a?} ^ll^^^ofl^i FDRT (Pattern) ^ 0.9- l.OdB^ ^V<^l7}- 



>a-7) J£ 20^ ^ ^^^o] RC4 SCH(CodeRate R= 1/2)^1 ^-f^l ^41: 3^^1^>^ ^HflH 

oliq.. o]^]f^ Z12fl^^ -^l^^fl^l-a (Simulation Environment) ^Hl ^^l^^-. ^ ^-f. ^ CASEl). 

CASE2), CASE3)*H1 $1^1^^ Al^Bfloj^a ^y^^o^ < K 14> . < K 15> ^ < K 16> 4 



CASE 1)- Data Rate 15kbps ( Pure info + CRC + Tail bit = 300 bit)- L (Encoded size ) = 600- M = 2. N (Channel I 
nterleaver Size) = 768." P (Nuni of Puncturing) = LX M - N = 432* D (Puncturing Depth ) = I (J^ A^)/^ J= 2- Puncturin 

g Pattern -^tilHcfl^^ : 15 kbps signal (Puncturing symbol 7])^ ^^i). -►Puncturing Pattern 15KBER_SEC, 15KFER_SEC: N 
EW Algorithm Type l4-§- if (k%3=2 | | k%36=0) (k=0.1 ,2. •.2399) then puncturing 1 5KBERJS2000. 1 5KFER_IS2000 
: 7]^^ puncturing pattern^}-§- 



|jl 151 

CASE 2)- Data Rate 17.5kbps ( Pure info + CRC + Tail bit = 350 bit)* L (Encoded size ) = 700* M = 2. N (Channe 

I Interleaver Size) = 768/ P (Num of Puncturing) = LXM-N = 632- D (Puncturing Depth ) = [ {l>M)IPl 2 7]^^ 

Puncturing pattern ^l--§- 



[if. 16] 

CASE 3)- Data Rate 10kbps ( Pure info + CRC + Tail bit = 200 bit)' L (Encoded size ) = 400- M = 2. N (Channel I 
nterleaver Size) = 768.- P (Num of Puncturing) = LX M - N = 32 • D (Puncturing Depth ) = I (^^ ^i^Pl 25 ■ 7)^^ Pu 

ncturing pattern 
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■^7] S. ISofl^l a.^<^l ■& ^'gollAl ;»llo>^ FDRT«J-^<^1 7]^Sl 15-2000^1 FDRT«<J-^°I| ^ 0.8dB<Hl>H 0.9 

dB^ Eb/No ;«)1^5>Jl Slc^. 



T^-^^S. ^7}^] f^A*} lOkbpsS) ^^^olcf. o] ;g o.^ 7,^o] FDRT'^iJiel#<^l < K 10> "il ^l^jeV Av 
erage Coding Gain 2.83dB<^l 7]S] e^5>31 Slt^. <*1b1?^ 10kbps<^l ^-f D^)- ^j^s}?!) ^^^l^l nfl 



i & rn 

■ Data Rate 10kbps ( Pure info + CRC + Tail bit = 200 bit)- L (Encoded size ) = 800- M = 2, N (Channellnterleav 
er Size) = 1536. • P (Num of Puncturing) = LM - N = 64 ■ D (Puncturing Depth ) = 1 1600/64^ I 25 J= 25 ■ 
Puncturing pattern ^\-%- 



oflAi o^el 71-^1 e^ol 7>^^^ ne^DS. ^ ^^'f SI ^^1^ ^Al oflofl ^^5)ol oj-sjo^ 

(57) ^! -r2] 'gy] 

oil <a^iai-£^ P7I1S] -a*** -a^s. «<j^<>fl 5a<^^i. 

* i#^* uj-,^ 
2. 

4^4. 
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^^7] ^^nfltl-g-. ^J7l HEllUv^jS) acAj^s.-. Dl ^ D2 ^^^l-ll sfl'S-sVfe 45#l-# ^?S^7l ^l-s ^^SVfe 

Aj^o^ ^olji /',= |L/D,J ^ Bi-5<|| ^-g- ^7l(Dl)S. ^^S\ ^oiji,i'j=/>-P,: ^ ^^^71(02) 

S. ^olcf. 

3. 

€^3J1^ ^^7lSl-. 

^^71 511^ ^Elel«S*H ^^S: sill ?lE|elHl« 

-^M ^^=11^*. -^1^71 HEtl^vflsl Di ^ D2 ^^Hl ^B-^sVfe ^i-i-i-^ €^«l-7l ^^B>fe 

^ ^ .^.7) 71-^ nil ol E-] . 

<^7]^-^Pr\UP] o] ai_D,= I />,//>, ]D,o]ji .ZL^ ^31^71 ■t^ SH-^yi-Sl ^ o] jl ,/W= [ A7L ] -8:«1:^ ufl^ol ji_F=ZA/-A^ 
^o]jiPr\UD,\ ^^^^ €^^7l(Dl)S -ai-fi] '^o]JlP2'P-fi: ^ ^^^71 (D2) 

S. ^ojc^.. 

4. 

^13^«^ Si-H-H. ^71 ^^Jfl€ ^^7]^, 

■^7] HiHl<?}v11Sl M-E^xflfe -tJl- -a^i ^^j7lSf. 

^^7) ^^8^ -ytilri?} 4'^7] -Eefl^lvflo^ ^l-f-f- Dl ^^IS] ^1-* M-E^iflfe^l ^ D2 ^l^lSl 4)1-^ u|Etvflfe;^)« 
^^0^71 ^^-¥-2j ^^y] ^-g-^^O.^ ^^S^<H ^^7) ^^7lS. ;<fl^£lfe SVfe >a-7l 7f^C)lolEl 

^T^«J- 5. 
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^>7l ^^S^ 9m^7} ^^7] Hifl-yifls) ^^^^ Dl ^^s] q.Etvflfe;^l# ^^^^ 

4^71 ^ >S-7l >ll2^^-¥-Sl S^S><^ ^7l ^^7lS ;01^S>^ "a^7l# ^^^S. S}^ 

^^71 7>^CllolEl 

^T^*<}- 6. 

^V7l ul^^afl^-ar, ^^7] HEfl°ivfle^ ^^^Jl-l-f^ Dl ^ D2 ^^lo)l «fl^s>^ 4J-i-i-* ^^E-n^] ^=^s> 

0i7lA^ 0,= oljiD,= l^,WjjD olj7_^: ^3:51-71 #^ ^o)Jl..W=[^7/.l ^«V4 ufl^olji ,P=LAY-Afe 

: 4^olJ7^yl=i,-/'fe €^^^1 ^olJ7 .4,= li/0,] o. u]^^ ^7|(D1)<^1 >d-7^^ 

>a#Sl ^o]3l A,=A.A,^ ^ 1^;^ H]^^ ^7l(D2)ofl "d^T^ ^ ^l-S^ ^olcf. 

7. 

^]2l Heflojvflal ^7l 431^1-* ^ol£ ^7) olEielal 37liLi:l- 3.^^ ^^^^ »^^7\s^, 

712^, 

-^•7) ^^-a-i-w* ^11^ <?lElel«j5Vol ^4^4 ^*|) ?lElelHl# 3L^^ful_ 

^1-71 Hl€^sllli^, ^1-71 H2fl-avflo^ Dl D2 ^^Hl «ll'3-S>^ -a^l:* ^51 '^Tll- 

ol7lAl 0,= (AMI Dj= l^,A4jD olji^. -^5::^7) ^H.'^l-^ =r °1 :il.A''= f AVI ] ^«V^ Hfl ^ o] J7 P=U/.A ^ . 

^olji.'>l=L-P^ €^5)^1 ^* -a^sl ^olj7 /1,= U/D,J o. ^ ul^^ ^7l(Dl)oll Sl'«l) -^^^ ^ 

^o] ^o]jlA,-A.A,^ ^ B}^ U)^^ ^7l(D2)<Hl ^7^^ Al^o^ ^ojcl-. 
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8. 

=iH)'?j»fl2i -ai-** ^^^^ *>«*>^ -ai- ^^-^s^ia^. 

^T^*J- 9. 

-^7) ^^5^ ?l^ilrt7> ^7) =efl^vfl2^ >yi-#^ D2 ^^IS) -yi-* >4Efvfl^^]l. ^1^5}^ ^]2«'S-¥-^. 

^^^71 ;H)l*^-¥- 31 ^^y] ^]Z^^^S\ 2:^S>oi ^?7lS ^^»-7l# i^^^ 

>a-7l 7V^lHlolEl 



11^ 



5ivl 1 



[0..L-1] 




■d[n] 
[0..N-1] 



[0..L-1] 



N 



































i'A 

• • • 


77 

cO 


















1^ Null 


Dc 


]t( 


3 






^1 
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VI 3 




[0..L-1] 



r[n] 
[0..LM-1] 



>d[n] 

[0..N-1] 



[A] 



r "["1 . 
[0..L-1] 



Lt5J [0..LM-1] 



h H 


































[0] (o'^"li] 


\* ^ 


♦1 
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LL'/i 5 



LM=1200x2=2400 




L=1200 


L=1200 


• 






LM-N 






II 


— — ' — ' — — ' — 1 


0 


1728=2x864 




No Puncluiing 

672 
► 




Unrepeated 


Repeated 








1 1 

i ; 

« 1 » 








864 


672 


^ ^ 

^ N=1536 


-M ► 

► 



in : Punctured symbol 



♦ RC3 19.2kbps ^1^1 FDRT ^ 15kbps # ^^"^ ^il^ Puncturing pallcm. 
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UNREPEATED 



864 



672/2 
33^ 



L=1200 




N=1536 




0|51|0|Ai Aho 



A O 5 5 1=1 



|l=120 0 

h-220 



(R=1/4) 



300 



^71)^*1 ^2001-0109900 



-V-Vi 7 



LM= 1200x2=2400 



L=1200 



II I 



L=1200 



■ mill 



2400=2x1200 



UnrepeatedyRepeated 



1536 



N=1536 



I 



Punclured symbol 
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^7(1^^ ^2001 -0109900 



[A] 



L=1200 



[B] 




1536 




200 



= 1536 



0|5||0|Ai A^ol 



210 



1200 



Any m2.7\ 
(R=i/4) 

^300 



- 220 
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401 — 



{ 



5! 



1 



402 — 



403 



KD1=-rLM/Pl . P1= LLM/Dinl 

I D2CHI cH*r ^^a^D^)E^ 7^|A^ | 

I (D2=sD1. P2 = P-Pn I 
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> 



^711^^ ^2001 -0109900 



310 



LM) 



FDRT H/W 



D1 



320 



(mod D1) 
DEVICE 



330 



(mod D2) 

DEVICE 



T 

D2 



300 



110 



1/0 




PUNC_EN 



340 



1/0 




On(=0)/OFF(=1) 



LM bits 



350 



100 




lb 
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^2001 -0109900 



300 



310 



AJ g 2J ^ — 
^»^7|(T..LM) 



FORT S/W 
on 

DSP, CPU. MPU 



110 



360 



IF [k mod 01=0] or 
[k mod D2=|_D1/2J] 
then PUNC_EN = 1 



PUNC_EN I 
(=1/0) I 




On(=0)/OFF( = l) 



LM bits 
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32 - 



^7^^^ #2001 -0109900 



i^M 13 



4-1 1 



1 



41 2 — 



D1 = TL/Al A1 = [L/D1 I I 



■ ' ~IA ^ A A ^ FA ^ I A -I / ti. ^ liiiaJSilHl 



A2 = A- A1,D2= LAI /A2I< 



41 4 - 




33 



^7fls-5l ^2001-0109900 



310 



FDRT H/W 



D1 

i 



321 



(mod MxOl) 
DEVICE 



331 



(mod MxD2) 
DEVICE 



T 

D2 



1/0 



1/0 



300 



D 



UNC_EN 



341 



110 



(M SYMBOLS) 



On(=0)/OFF(=l) 
► 



LM bits 



100 




¥3:71 



( 

10 
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^7fl^«1 ^2001-0109900 



15 



300 



310 



^•'^^lO..LM) 



FDRT S/W 
on 

DSP. CPU, MPU 



110 - 



361 



IF k mod M=0 AND (k mod 
MxDIt^O and k mod MxD2 
?^MXKZ)THEN PUNC_EN=1 



PUNC.EN 
(=1/0) 



On(=0)/OFF( = l) 



^^7\ 

(M SYMBOLS) 




LM bits 




- f 


Any ¥^71 




/ 

10 




350 
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16 



421 



(N. L. M. 

X 



1 



422 — 



423 



D1=rL/Pl. P1 = lL/D1l I 



I 



P2 = P-P1, D2=LP1/P2 |«Dl| 




36 ' 



"S^^fl^*! ^2001-0109900 



l^'fi 17 



310 



FORT H/W 



300 



01 



322 




(mod MxDl) 
DEVICE 


1/0 











PUNC_EN 




110 — 


^^7\ 

(M SYMBOLS) 




t 

















0n(=0)/OFF(=1) 



LM bits 



350 




10 
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"g^^fls-g] ^-2001 -0109900 



310 



Sf^7|(i..LM) 



FDRT S/W 
on 

DSP, CPU. MPU 



300 



362 



/ P UNC EN 

IF k mod M=0 AND (k mod |(=l/0) 
MxD1=0 OR k mod MxD2 
=Mj(KZ}THEN PUNC_EN = 1 




no - 


^^7\ 

(M SYMBOLS) 




i 


i 










Any J 





On(=0)/OFF( = 1) 




LM bits 



350 



100 



'r* 


Any oiE^eim 




1 
1 


(N bits) 





10 
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2.1 ',1 19 



^7fls.sj ^2001 -0109900 



FDRT RC3(l/4) 



l.E+OO ^^r^ 




M l.E-03 
Oi l.E-04 

i 



l5k_BER_lS2000 
-a 15k_FER_IS2000 
^fi^ 19.2k_BER 
19.2_FER 
10k_BER 
10k_FER 
l5k_BER_SEC 
15k_FER_SEC 




l.E-07 



O 



0.5 



1.5 2 
Eb/No 



2.3 



3.5 
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